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and 1ts 1somer, pharmaceutically acceptable salt, hydrate or
solvate, as well as their uses 1n preparing drugs for treating
viral infectious diseases, especially HIV infection, hepatitis
B, or diseases caused by hepatitis B virus, wherein the
definition of each substituent in the general formula (I) 1s as
defined 1n the specification.
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TENOFOVIR PRODRUG AND
PHARMACEUTICAL USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS D

This application 1s a Section 371 of International Appli-
cation No. PCT/CN2013/079123, filed on Jul. 10, 2013,
which was published in the Chinese language on Mar. 6,
2014, under International Publication No. WO 2014/032481 10

Al, and the disclosure of which is incorporated herein by
reference.

FIELD OF THE INVENTION

15

The present invention relates to a tenofovir prodrug and a
stereoisomer, pharmaceutically acceptable salt, hydrate, or

solvate thereof, as well as their medical use.

BACKGROUND OF THE INVENTION 20

Hepatitis B virus (HBV) 1s a kind of DNA virus that
causes human acute or chronic hepatitis. As HBV infection
1s a direct cause of serious liver disease including cirrhosis
and hepatocellular carcinoma 1n humans, hepatitis B 1s a 25
major threat to human health. HBV-DNA (deoxyribonucleic
acid) 1s the core of HBV and the basis of viral replication.
Nucleotides can inhibit viral polymerases by competitive
binding to the natural deoxyribose substrate directly, and
terminate the DNA chain by mserting DNA. Thus, nucleo- 30
tides, such as Cidofovir, Adefovir, Lamivudine, and Teno-
fovir, are the main drugs for treating hepatitis B. Tenofovir
1s a novel nucleotide reverse transcriptase inhibitor, which 1s
cllective against a variety of viruses for the treatment of viral
infections. As the phosphate group 1s a dianion at physi- 35
ological pH, tenofovir has poor cell membrane permeability,
low bioavailability, and dose-dependent renal toxicity,
which limits 1ts therapeutic effect. Thus, tenofovir must be
prepared into a phosphonate prodrug form wvia various
technical means, such as esterification and salification, for 40
climcal applications. For example, Tenofovir disoproxil
fumarate developed by Gilead Sciences Inc. i1s the first
generation oral active tenofovir prodrug for the treatment of
HIV infection and hepatitis B.

45

NH,

N)\..-—-*N\
K /‘E N> 50
N

55

/TH\2 ’
NF N O_< 60

65

2

-continued
O

HO

X OH

O

Tenofovir disoproxil fumarate

As Tenofovir disoproxil fumarate 1s highly sensitive to
serum enzyme mediated hydrolysis reactions, 1ts drug con-
centration cannot be effectively increased at the active site.
Moreover, two equivalents of potentially toxic formalde-
hyde are released upon metabolism, and side effects such as
lactic acidosis, severe hepatomegaly and lipodystrophy have
been found during clinical use. In order to improve the
stability of tenofovir prodrug in plasma and reduce the
metabolite-tenofovir concentration to reduce drug toxicity,
many pharmaceutical companies are conducting research
and development on the next generation of tenofovir prod-
rugs, and have made some progress. Some new prodrugs
have been 1n phase I/1I clinical studies. For example, Inter-
national Patent Application WO0208241 discloses a kind of
natural amino acid (monosubstituted) synthesized tenofovir
phosphonamidate prodrug (e.g., GS-7340), and International
Patent Application W0O2009105513 discloses a kind of
novel tenofovir phosphate bisamide prodrug. Compared to
tenofovir phosphodiester, these novel prodrugs have
improved plasma stability, thereby increasing the cumula-
tive concentration of the active metabolite-tenofovir in
peripheral blood mononuclear cells (PBMCs) and the thera-
peutic eflect. For example, the total concentration of the
active ingredient produced by GS-7340 in PBMCs 1s 10
times greater than tenofovir disoproxil, and 30 times greater
than tenofovir. However, GS-7340 has certain degradation
in plasma and 1-2% of the metabolite-tenofovir can be
detected 1n plasma. So it 1s mnevitable that GS-7340 has
toxicity as a side eflect generated by tenofovir disoproxil,
which results 1n drug safety problems. Thus, 1t 1s important
to further develop a tenofovir prodrug with high eflicacy and
low toxicity. With the purpose of further improving the
stability of tenofovir disoproxil in plasma, the present inven-
tion synthesizes a series of tenofovir phosphonamidate pro-
drugs with disubstituted amino acids. This kind of prodrug
1s proven to be very stable 1n plasma and no metabolite-
tenofovir 1s found 1n plasma. On the other hand, the con-
centration of active metabolite-tenofovir 1n PBMCs 1s
increased significantly compared with GS-7340. Thus, the
present ivention makes 1t possible to provide a new gen-
eration of tenofovir prodrugs with high eflicacy and low
toxicity.

SUMMARY OF THE INVENTION

Surprisingly, the inventors found a series of compounds,
which have higher eflicacy and lower toxicity than the prior
art. Compared to GS-7340, the compounds according to the
present invention are stable enough in plasma, and the
metabolite-tenofovir 1s completely undetectable 1n plasma.
On the other hand, the concentration of tenofovir 1s greatly
improved in PBMCs. Such a result is totally unexpected for
those skilled 1n the art.

The present invention relates to a compound of general
tformula (I) and a stereoisomer, pharmaceutically acceptable
salt, hydrate, or solvate thereof:
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wherein:
15
R" and R” are C,_. alkyl respectively, or R' and R” together
with the attached carbon atom form a C,_-, cycloalkyl;
R” is hydrogen, C,_. alkyl, substituted or unsubstituted C,_, cl ld
aryl or 6- to 10-membered heteroaryl; NH, \
Ar is substituted or unsubstituted C_, , aryl or 6- to 10-mem- = -
bered heteroaryl. NZ N \ /
. | N\
The compound of general formula (I) according to the L \
present invention can be used as a prodrug of tenofovir. This \N N 0O O
prodrug 1s stable 1n plasma and the concentration of active 25 5 \\P/ 5
metabolite-tenofovir in PBMCs 1s improved significantly N Ny
compared to that of GS-7340. : H
. | = O
In the compound of general formula (I) according to the o
present invention, the phosphorus atom 1s chiral and the - / \
configuration 1s S or R, or a mixture of R and S. ¢ )
In an embodiment of the present invention, the compound N —
ol general formula (I) or the stereoisomer, pharmaceutically y N <
acceptable salt, hydrate or solvate thereol, wherein the s D ‘ \> \ /
stereoisomer comprises a tautomer, cis-trans 1somer, Con- KN N o \O
formational 1somer, mesomer or enantiomeric or diastereo- \ /
: : : O P O
meric optical 1somer. N Ny Y
In a preferred embodiment ot the present invention, ,, = O
compounds having the following structures are provided, "
but the compound of general formula (I) according to the —
present invention 1s not limited to the following structures: NE: _\ /
s N
45 NL ‘ \> < //
la
NH, Ny N 0 \o
O \\P/ O
NF N\ SN Ny
K ‘ > 50 H
O \\P/ O
N \N Y
: H
Z 5 55
Ib
NH2 NH2 Ig

Oy Y Res Y

N O O
0 \\P/ 0O ) N\ /
~ \N O\/P\N O
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In another preferred embodiment of the present invention, O\/ P\N ©
chiral compounds with the following structures are dis- :
closed, but the compound of general formula (I) according >0

to the present imvention 1s not limited to the following
structures:
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The compound of general formula (I) according to the 45
present invention can be prepared according to the following

method:

NH, R! R?
)\ SN
NF ‘...---*N\> LN R3
HO OATr
K\N N \P/ O
LN —
q1y
NH,
= N
N
R
\N N O O R! R?
O \\P/ O
: ~7 \N S R3
H
= 0O ?

(D

wherein the compound of general formula (II) can be
prepared from tenofovir according to the method of Chinese
Patent Z1.01813161.1 as well as other conventional methods
in the art.

Chiral 1somer (I1) can be separated from a mixture of
1somers (I') with a reverse phase column or chiral column.

NH,
= N
N
B o
\N N O \o R! R2 —
O \\P§
: ~N \N TSR3
H
= O
(I')
NH,
N7 N
)
\N N O \Q R! R?
O \\P'F O
: ~ \N TSR3
H
= O

(11)

The present invention also provides a pharmaceutical
composition comprising a compound of general formula (I)
or a stereoisomer, pharmaceutically acceptable salt, hydrate,
or solvate thereof and a pharmaceutically acceptable carrier,
wherein the pharmaceutically acceptable carrier 1s selected
from the group consisting of water for injection, lyophilized
powder excipient, and oral preparation excipient.

The present mvention also relates to the use of a com-
pound of general formula (I) or a stereoisomer, pharmaceu-
tically acceptable salt, hydrate, or solvate thereof or the
pharmaceutical composition in the preparation of a medica-
ment for the treatment of viral imfections, preferably hepa-
titis B or diseases caused by hepatitis B virus.



US 9,908,908 B2

9

Unless otherwise stated, the terms 1n the present invention
have the following meanings.

The term ““alkyl” means saturated aliphatic hydrocarbon
groups comprising a straight or branched chain having 1 to
6 carbon atoms. Examples of alkyl include, but are not
limited to, methyl, ethyl, n-propyl, 1sopropyl, n-butyl, 1sobu-
tyl, t-butyl, sec-butyl, n-pentyl, 1,1-dimethylpropyl, 1,2-
dimethylpropyl, 2,2-dimethylpropyl, 1-ethylpropyl, 2-meth-
ylbutyl, 3-methylbutyl, n-hexyl, 1-ethyl-2-methylpropyl,
1,1,2-tnmethylpropyl, 1,1-dimethylbutyl, 1,2-dimethylbu-
tyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2-ethylbutyl,
2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2,3-dim-
cthylbutyl and the like. Alkyl can be substituted or unsub-
stituted. When substituted, the substituent can be substituted
at any possible attachment point, and the substituent is
preferably one or more groups independently selected from
the group consisting of alkyl, alkenyl, alkynyl, alkoxy,
alkylthio, alkylamino, halogen, thiol, hydroxyl, nitro, cyano,

cycloalkyl, heterocycloalkyl, aryl, heteroaryl, cycloalkoxy,
heterocycloalkoxy, cycloalkylthio, heterocycloalkylthio,
and oxo.

The term “cycloalkyl” means a saturated or partially
unsaturated monocycle or polycycle hydrocarbon substitu-
ent, which comprises 3 to 7 carbon atoms. Examples of
monocyclic cycloalkyl include, but are not limited to, cyclo-
propyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cyclohexadienyl, cycloheptyl, cycloheptatrie-
nyl and the like. Examples of polycyclic cycloalkyl include,
but are not limited to, spiro-ring cycloalkyl, fused-ring
cycloalkyl and bridged-ring cycloalkyl. The cycloalkyl can
be substituted or unsubstituted. When substituted, the sub-
stituent 1s preferably one or more groups independently
selected from the group consisting of alkyl, alkoxy, halogen,
hydroxy, nitro, cvano, cycloalkyl, heterocycloalkyl, arvl,
and heteroaryl.

The term “aryl” means a 6 to 10 membered full-carbon
monocycle or fused polycycle (i.e., rings which share adja-
cent pairs of carbon atoms) and polycycle having a conju-
gated m electron system (1.e., rings having adjacent pairs of
carbon atoms), such as phenyl and naphthyl. The aryl can be
substituted or unsubstituted. When substituted, the substitu-
ent 1s preferably one or more groups independently selected
from the group consisting of alkyl, alkenyl, alkynyl, alkoxy,
alkylthio, alkylamino, halogen, thiol, hydroxyl, nitro, cyano,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, cycloalkoxy,
heterocycloalkoxy, cycloalkylthio, and heterocycloalkyl-
thio.

The term “heteroaryl” means a heteroaromatic system of
6 to 10 ring atoms, preferably 5 to 6 ring atoms, which
comprises one, two, three or four heteroatoms including O,
S or N, such as pyridinyl, or pyrimidinyl. “Heteroaryl” can
be optionally substituted or unsubstituted. When substituted,
the substituent 1s preferably one or more groups indepen-
dently selected from the group consisting of alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylamino, halogen, thiol,
hydroxyl, nitro, cyano, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkoxyl, heterocycloalkoxy, cycloalkylthio,
and heterocycloalkylthio.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present invention will be 1llustrated by the following
examples which enable those skilled in the art to understand
the present invention more clearly. The examples are merely
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10

for 1llustrating the technical solutions of the present inven-
tion and should not be considered as limiting the scope of the
invention.

Example 1

Step 1:

Trimethylchlorosilane (6.0 g) was added dropwise to a
solution of phenol (5 g) and triethylamine (10.1 mL) 1n
dichloromethane (150 mL) at 0° C. After addition, the
reaction mixture was stirred for 18 hours after the tempera-
ture was raised to 20° C. The white solid was removed and
washed with dichloromethane. The filtrate was combined
and the solvent was evaporated to give phenoxy trimethyl-
silane (4.2 g) as a colorless oil.

Step 2:
NH,
N
}E ‘ \> HO OH —
X N \P/

Tenofovir

NH,

N/l\..-f—-'N\
W OARN
\\/O\/ N,

Ila

DMF (0.1 mL) and dichlorosulfoxide (0.73 g) were added
to a suspension of tenofovir (1 g, purchased from Suzhou
Henderson Pharmaceutical Co., Ltd.) 1n sulfolane (2.5 mL)
at 70° C., and then the temperature was raised to 100° C. The
reaction mixture was stirred at 100° C. for 1.5 hours until a
clear solution was obtained. Then, phenoxy trimethylsilane
(0.70 g) was added rapidly, and the mixture was left to stir
at 100° C. for another 1.5 hours. Then, the solvent was
evaporated to give a viscous yellow oil. The o1l was dis-
solved 1n methanol and adjusted to pH 3 with 45% aqueous

potassium hydroxide. The precipitate was filtered and dried
to give a white powder solid IIa (0.7 g). MS (m/z) 363.96
(MH+).

Step 3:
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-continued
/(O
NH,
O
N/ N\

‘ > HN. O
P «/

[a

DMF (0.1 mL) and dichlorosulfoxide (343 mg) were
added to a mixture of compound Ila (600 mg) 1n sulfolane
(1 mL) at 60° C. The mixture was then stirred at 60° C. for
30 minutes until a clear solution was obtained. The resulting
solution was added to a solution of amino acid ester I11a (7350
mg, purchased from Shanghai Darui Fine Chemicals Co.,
Ltd.) and dusopropylamine (452 mg) in dichloromethane (7
ml) at 0° C. The mixture was stirred at 20° C. for 2 hour,
and then washed with 5% aqueous sodium dihydrogen
phosphate and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated to give a yellow
o1l crude product, which was purified via column chroma-
tography to give an o1l product Ia (150 mg).

"H-NMR (400 MHz, CDCl,) & 8.34 (m, 1H), 8.05 (m,
1H), 7.36~6.95 (m, SH), 6.49 (b, 2H), 6.22~5.84 (m, 1H),
5.01 (m, 1H), 4.42 (m, 1H), 4.40~3.60 (m, 3H), 1.52~1.18
(m, 15H). MS (m/z) 491.13 (MH™).

The Preparation of Chiral Compounds Ial and Ia2:

Method 1: Non-Chiral Column Preparation

The crude product Ia (150 mg) was separated via pre-
parative HPLC (preparative column: Waters Symmetry C18,
Mobile phase: A: 0.02% aqueous phosphoric acid; B: metha-
nol) to give compound Ial (50 mg, retention time: 50.65
min): MS (m/z) 491.17 (MH™) and compound Ia2 (61 mg,
retention time: 47.57 min): MS (m/z) 491.10 (MH+).

Method 2: Chiral Column Preparation

The crude product Ia (150 mg) was separated via pre-
parative HPLC (preparative column: Chiralpak AS-H,
mobile phase: A: n-hexane; B: ethanol) to give compound
Ial (62 mg, retention time: 6.53 min) and compound Ia2 (78

mg, retention time: 6.11 min).

Ial

'z,
'z,
1N
.
< o
.
d o
3
_<D
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-continued
Ia2?

Z
11N <
<o
S
:}<
D

Example 2

O
NH,
/I\ 7
NP ..--f-*N\
LD ws
XN \_/

Ib

DMF (0.1 mL) and dichlorosulfoxide (343 mg) were
added to a mixture of compound Ila (600 mg) in sulfolane
(1 mL) at 60° C. The mixture was then stirred at 60° C. for
30 minutes until a clear solution was obtained. The resulting
solution was added to a solution of amino acid ester 11Ib
(760 mg, purchased from Shanghai Darui Fine Chemaicals
Co., Ltd.) and diisopropylamine (452 mg) 1n dichlorometh-
ane (7 mL) at 0° C. The mixture was stirred at 20° C. for 2
hour, and then washed with 5% aqueous sodium dihydrogen
phosphate and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated to give a yellow
o1l crude product, which was purified via column chroma-
tography to give an o1l product Ib (221 mg).

"H-NMR (400 MHz, CDCl,) & 8.38 (m, 1H), 8.01 (m,
1H), 7.34~6.95 (m, SH), 6.48~6.18 (m, 1H), 5.84 (b, 2H),
5.01~4.82 (m, 1H), 4.42 (m, 1H), 4.2~03.60 (m, 5SH), 2.68
(m, 1H), 1.41~1.10 (m, 12H).

The crude product Ib (100 mg) was separated via pre-

parative HPLC (preparative column: Chiralpak AS-H,
mobile phase: A: n-hexane; B: ethanol) to give compound

Ib1 (35 mg). MS (m/z) 489.26 (MH™).
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Example 3

Step 1:
Trimethylchlorosilane (6.3 g) was added dropwise to a

solution of p-chlorophenol (5 g) and triethylamine (10.8
mlL) in dichloromethane (150 mL) at 0° C. After addition,

the reaction mixture was stirred for 18 hours after the
temperature was raised to 20° C. The solvent was evaporated

to give p-chlorophenoxy trimethylsilane (5.1 g) as a color-
less oil.
Step 2:
NH,
N
" ‘ \> HO, OH
"~
Tenofovir
NH,
2\ '_____....N
N
‘ \> HO, .0
K /HN N\_/

Cl

N \\/o\/P\O

Ilc

T U

DMF (0.1 mL) and dichlorosulfoxide (0.73 g) were added

to a suspension of tenofovir (1 g) in sulifolane (2.5 mL) at

70° C., and then the temperature was raised to 100° C. The

reaction mixture was stirred at 100° C. for 1.5 hours until a

clear solution was obtained. Then, p-chlorophenoxy trim-
cthylsilane (0.77 g) was added rapidly, and the mixture was
left to stir at 100° C. for 1.5 hours. The solvent was
evaporated to give a viscous yellow oi1l. The o1l was dis-
solved 1n methanol and then adjusted to pH 3 with 45%
aqueous potassium hydroxide. The precipitate was filtered
and dried to give a white powder solid IIc (800 mg). MS
(m/z) 398.05 (MH™).
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Step 3:

O -
Ilc
O
NH>
Q
N
N - —_ \
‘ > HN\ /O
Cl

Ic

DMF (0.1 mL) and dichlorosulfoxide (343 mg) were
added to a mixture of compound IlIc (600 mg) 1n suliolane
(1 mL) at 60° C. The mixture was then stirred at 60° C. for
30 minutes until a clear solution was obtained. The resulting
solution was added to a solution of amino acid ester I11a (731
mg) and diisopropylamine (452 mg) in dichloromethane (7
ml) at 0° C. The mixture was stirred at 20° C. for 2 hours,
and then washed with 5% aqueous sodium dihydrogen
phosphate and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated to give a yellow
o1l crude product which was purified via column chroma-
tography to give an o1l product Ic (121 mg).

"H-NMR (400 MHz, CDCl,) & 8.35 (m, 1H), 8.01 (m,
1H), 7.28 (m, 1H), 7.22 (m, 1H), 7.15~7.13 (m, 1H), 6.94
(m, 1H), 5.88 (b, 2H), 5.07 (m, 2H), 4.42 (m, 1H), 4.21 (m,
1H), 3.90~3.81 (m, 2H), 3.71~3.54 (m, 1H), 1.56~1.24 (m,
15H).

The crude product Ic (70 mg) was separated by prepara-
tive HPLC (preparative column: Chiralpak AS-H, mobile
phase: A: n-hexane; B: ethanol) to give compound Ic1 (21

mg). MS (m/z) 525.26 (MH™").

Icl

Cl
NH,
N ///l\‘ _____,_,,.N\>
KN/ TSN o 0
O \\P'; O
hh"‘*nh,#”’r “..'rlﬁI “‘h‘h‘l",“”#
: 8
= O
Example 4

Step 1:
Trimethylchlorosilane (6.3 g) was added dropwise to a
solution of p-methoxyphenol (5 g) and triethylamine (10.8

mL) in dichloromethane (150 mL) at 0° C. After addition,
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the reaction mixture was stirred for 18 hours after the
temperature was raised to 20° C. The solvent was evaporated
to give p-methoxyphenoxy trimethylsilane (4.7 g) as a
colorless oil.

Step 2:
NH»
N
N/ ‘ \> HO OH
D)
"~
Tenofovir
NH,
NZ ‘ N\>
HO O
D =

OMe

\\/O\/ \O

-
L
mmt
~
-
i

I1d

DMF (0.1 mL) and dichlorosulfoxide (0.73 g) were added
to a suspension of tenofovir (1 g) in sulfolane (2.5 mL) at
70° C., and then the temperature was raised to 100° C. The
reaction mixture was stirred at 100° C. for 1.5 hours until a
clear solution was obtained. Then, p-methoxyphenoxy trim-
cthylsilane (0.75 g) was added rapidly and the mixture was
left to stir at 100° C. for 1.5 hours. The solvent was
evaporated to give a viscous yellow oi1l. The o1l was dis-
solved 1n methanol and then adjusted to pH 3 with 45%
aqueous potassium hydroxide. The precipitate was filtered
and dried to give a white powder solid IId (600 mg). MS
(m/z) 394.11 (MH™).

Step 3:

CXY w0 Y
HO
NN Nl \Q\OME: O

[1la

1 o~
IId
AO
NH>»
)\ 0

N/ ""'#N\

R
e

Id
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DMF (0.1 mL) and dichlorosulfoxide (181 mg, 1.352

mmol) were added to a mixture of compound I1d (300 mg)
in sulfolane (1 mL) at 60° C. The mixture was then stirred
at 60° C. for 30 minutes until a clear solution was obtained.
The resulting solution was added to a solution of amino acid
ester IIla (386 mg) and dusopropylamine (343 mg) 1n
dichloromethane (5 mL) at 0° C. The mixture was stirred at
20° C. for 2 hours, and then washed with 3% aqueous
sodium dihydrogen phosphate and saturated brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated
to give a yellow o1l crude product, and then purified via
column chromatography to give an o1l product Id (40 mg).
"H-NMR (400 MHz, CDCl,) 3 8.35 (m, 1H), 8.04 (m, 1H),
7.12~6.85 (m, 4H), 5.86 (b, 2H), 5.06 (m, 1H), 4.42 (m, 1H),
4.18 (m, 1H), 4.08~3.94 (m, 3H), 3.82 (m, 3H), 3.7~73.61
(m, 1H), 1.55~1.17 (m, 15H).

The crude product Id (30 mg) was separated by prepara-
tive HPLC (preparative column: Chiralpak AS-H, mobile

phase: A: n-hexane; B: ethanol) to give 12 mg compound
Id1. MS (m/z) 521.23 (MH").

Id1

NH, \_
AN ALY
L A

O \\P;

(
_<

Example 5

Compounds Ie and Iel were prepared according to the
same preparation method as that of compounds Ic and Icl.

le
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-continued
Iel Ih
- NH,

/\ A ()
E ‘ N\> \ <$9 . O\/\\P<\§><’(O\r

N
N O z
. \\P.~ . = O
_ N~ \N Y Thil
é i NH;
= O
15
N/ N\
le: "H-NMR (400 MHz, CDCl,) 8 8.27 (m, 1H), 8.04 (s, k ‘ >
1H), 7.96 (m, 1H), 7.84 (m, 1H), 7.62 (m, 1H), 7.52~7.33 \N N o\\ O
(m, 4H), 5.78 (b, 2H), 5.04~4.98 (m, 1H), 4.38~3.71 (m, -0 | O\/P‘\N><H/OY
1
= O

6H), 1.57~1.06 (m, 15H).

lel: MS (m/z) 541.11.

Th: "H-NMR (400 MHz, CDCl,) 8 8.33 (m, 1H), 7.95 (m,
Example 6 23 N
1H), 7.00~6.95 (m, 3H), 5.83 (b, 2H), 5.05~4.99 (m, 2H),
4.35~4.31 (m, 1H), 4.23~4.17 (m, 1H), 4.01~3.833 (m, 3H),
Compounds It and If1 were prepared according to the 3.80~3.77 (m, 1H), 2.35 (s, 3H), 2.31 (s, 3H), 1.33~1.19 (m,

same preparation method as that of compounds Ic and Icl. 15H).
30 Thl: MS (m/z) 519.15.

If
Example 8

NH,
> Compounds It and Iil were prepared according to the
NZ \> \ // 3 same preparation method as that of compounds Ic and Icl.

KN ‘ \/ i
RORAIIS IS

NH, N
- / ” 0O \\P/ 0O
— N N
X \ / X j/
N N 0, O
o \\Pf o 50 .
a N \E \I/ NI

4
A
~

O

TIL
O

55
If: "H-NMR (400 MHz, CDCL,) 8 8.33 (m, 1H), 8.02 (s, K\N ‘ . ] \O
1H), 7.81~7.66 (m, 4H), 7.49~7.41 (m, 2H), 7.31~7.06 (m, N\ 3
1H), 5.72 (b, 2H), 5.06~4.99 (m, 1H), 4.43~435 (m, 1H), Oy OY
= O

4.19~3.91 (m, 4H), 3.74~3.65 (m, 1H), 1.57~1.20 (m, 15H).

Ifl: MS (m/z) 541.10.
li: 'H-NMR (400 MHz, CDCL,) & 8.36 (m, 1H), 8.00 (m,

1H), 7.17 (m, 1H), 7.02 (m, 1H), 6.97 (m, 2H), 5.71 (b, 2H),

s 5.06 (m, 1H), 4.43 (m, 1H), 4.20 (m, 1H), 4.06~3.84 (m,
3H), 3.72~3.61 (m, 1H), 1.56~1.22 (m, 15H).

Iil: MS (m/z) 509.25.

Example 7

Compounds Th and IThl were prepared according to the
same preparation method as that of compounds Ic and Icl.



US 9,908,908 B2

19
Example 9

Compounds Ij and Ij1 were prepared according to the
same preparation method as that of compounds Ic and Icl.

i
<<
_<

Il

NE N
T <\ >

'z,
T
o
< o
7
d o
3
_<3

lj: 'H-NMR (400 MHz, CDCl,) & 8.32 (m, 1H), 8.06 (s,
1H), 7.58 (m, 2H), 7.52 (m, 2H), 5.89 (b, 2H), 5.02~4.96 (m,
1H), 4.43~4.36 (m, 2H), 4.04~3.91 (m, 4H), 1.58~1.23 (m,
15H).

li1: MS (m/z) 559.08.

Example 10 Preparation of Fumarate of Compound
lal

Compound Ial (480 mg), fumaric acid (120 mg) and
acetonitrile were added sequentially to a single-necked flask
at 20° C. The mixture was warmed to 60° C. and stirred at
this temperature until the solid was completely dissolved.
Stirring was continued for another 5 minutes, and then the
solution was cooled to 20° C. and filtered to obtain the
fumarate of compound Ial as a white granular solid (490
mg).

"H NMR (400 MHz, D,0O) 8 7.21 (m, 2H), 7.11 (m, 1H),
6.67 (m, 2H), 6.57 (s, 2H), 4.77 (m, 1H), 4.29 (m, 1H), 4.17
(m, 1H), 4.06 (m, 1H), 3.93 (m, 1H), 1.07 (m, 6H), 1.21 (m,
OH).

Example 11 Antiviral Experiment
1. Study of In Vitro Anti-Hepatitis B Virus Activity

HepG 2.2.15 cell was used as the hepatltls B virus (HBV)
vehicle to determine the inhibition efiect of the compounds
on DNA-replication of HBV.

Test method: HepG 2.2.15 cells were seeded mnto a
96-well culture plate. Various dilutions of test samples and
positive control were added, respectively, after 24 hours, in
which a cell control well was set. The medium was replaced
with culture contaiming various dilutions of test samples
alter 72 hours. The supernatants and HepG 2.2.15 cells were
collected after 6 days of culture. The HBV DNA-replication
was tested via the dot blot method, and IC., was calculated
(the results are shown in Table 1).
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2. Cytotoxicity Test
Test method: HepG 2.2.15 cells were seeded mnto a
96-well culture plate and various dilutions of test samples

and positive control were added, respectively. CellTiter-
Blue (Promega, Catalog #G8081) was added for 6 days of

culture. Fluorescence reading was counted with Flexstation
3 to calculate CC;, (the results were shown 1n Table 1).

TABLE 1
HBYV inhibition rate and cvtotoxicity results of the compounds
Compound [C5o(nM)  Toxicity CCygq(nM)
Positive control GS-7171(Mixture) 35 >10000
Positive control GS-7340 (Chiral) 14 >10000
la (Mixture) 21 >10000
Ial (Chiral) 5.0 >10000
Ia2 (Chiral) 32 >10000
Ibl (Chiral) 15 >10000
Icl (Chiral) 5.3 >10000
Id1 (Chiral) 6.2 >10000
Iel (Chiral) 5.7 >10000
If1 (Chiral) 7.5 >10000
Ih1l (Chiral) 5.9 >10000
[11 (Chiral) 8.3 >10000
[j1 (Chiral) 7.0 >10000

Positive control 1s GS-7171 and GS-7340, which are dis-
closed in Examples 2 and 3 of Chinese Patent
Z1.01813161.1. GS-7171 can be resolved into diastereomers
(S-7340 and GS-7339, in which GS7340 has the better
ellicacy.
3. Conclusion

Experimental results show that the compounds Ial, Ibl,
Ic1, Id1, Iel, Ifl, Ihl, and Ij1 have a significant inhibitory
cllect on HBV-DNA replication without cytotoxicity, in
which the inhibitory effects on HBV-DNA replication of
compounds Ial, Icl, Id1, Iel, If1, Ih1, I11 and Ij1 were better
than that of the positive control GS7340.

Example 12 Stability Test in Acidic Medium and
Simulated Gastric Juice

1. Materials, Reagents and Manufacturers

Name Content Manufacturer

Pepsin 1:3000 Shanghai Runjie Chemical Reagent Co., Ltd.
HCI 36% Jiangsu Qiangsheng Chemical Co., Ltd.
Ammonium 98.0% Sinopharm Chemical Reagent Co., Ltd.
acetate

GS-7340 98.7% UniTris Biopharma Co. Ltd.

Ial 98.7% UniTris Biopharma Co. Ltd.

2. Preparation of Reagents
2.1 Hydrochloric Acid Solution (pH 2.0)

4.5 mL of 36% hydrochloric acid was transterred into a 1
L. volumetric flask and diluted with water to 1 L to prepare
a stock solution. Then 10 mL of the above solution was
transferred into a 50 mL volumetric tlask and diluted with

water to 50 mL to prepare the hydrochloric acid solution
with pH 2.0.
2.2 Simulated Gastric Juice (pH 2.0)

10 ml of the stock solution and 500.0 mg of pepsin were
transierred mnto a 50 mL volumetric flask and diluted with
water to 50 ml, which was then subjected to ultrasound to
dissolve the pepsin (the solution was not clear now) and then
filtered to give a clear solution as simulated gastric juice.
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2.3 Preparation of the Sample Solution
2.3.1 Hydrochloric Acid Solution of GS-7340

5.0 mg of GS-7340 were transferred into a 5 mL volu-
metric flask and mixed with 2.5 mL of isopropyl alcohol to
dissolve (G5-7340, and then the hydrochloric acid solution
(pH 2.0) was added to 5 mL. The solution was shaken well
and filtered for using.

2.3.2 Simulated Gastric Juice of GS-7340

5.0 mg of GS-7340 were transferred into a 5 mL volu-
metric tflask and mixed with 2.5 mL of 1sopropyl alcohol to
dissolve GS-7340, and then the simulated gastric juice was
added to 5 mL. The solution was shaken well and filtered for
using.

2.3.3 Hydrochloric Acid Solution of Compound Ial

5.0 mg of compound Ial were transferred into a 5 mL
volumetric flask and mixed with 2.5 mL of 1sopropyl alcohol
to dissolve compound Ial, and then the hydrochloric acid
solution (pH 2.0) was added to 5 mL. The solution was
shaken well and filtered for using.

2.3.4 Simulated Gastric Juice of Compound Ial

5.0 mg of compound Ial were transferred into a 5 mL
volumetric flask and mixed with 2.5 mL of 1sopropyl alcohol
to dissolve compound Ial, and then the simulated gastric
juice was added to 5 mL. The solution was shaken well and
filtered for using.

2.4 Sampling

The prepared sample was filled into the chromatography
vial as the imitial sample and immediately mjected. Mean-
while, the rest of the samples were put mto a 37° C.
incubator, and were 1njected mto the HPLC system aifter 6
hours.

The stability results of compound Ial and GS-7340 1n an
acid medium and simulated gastric juice are shown 1n Table

2.
TABLE 2
The stability results of compound Ial and GS-7340
in an acid medium and simulated gastric juice

Acid medium (pH = 2) Simulated gastric juice

Purity Purity

Initial after Change Initial after  Change

Sample purity 6 hours value  punty 6 hours value
GS-7340 98.7% 95.5% 32%  98.7% 944%  4.3%
lal 98.7% 98.1% 0.6%  98.7% 982%  0.5%

3. Conclusion

Experimental results show that the stability of tenofovir
phosphonamidate prodrug (Ial) having a disubstituted
amino acid 1s significantly improved compared to tenofovir
phosphonamidate prodrug (GS-7340) having a monosubsti-
tuted amino acid.

Example 13: Metabolic Stability in Fresh Human
Whole Blood and Distribution Test in PBMCs of

Tenotfovir Prodrug

1. Materials
Compound: Ial and GS-7340
2. Test Method

Diflerent tenofovir prodrugs were incubated together with
fresh human whole blood at 37° C. Plasma and PBMCs were
separated, respectively, from the whole blood (Ficoll density
gradient centrifugation method) after 1 hour and 2 hours
incubation to determine the concentrations of prototype drug
and metabolite-tenofovir 1 plasma and PBMCs. The
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PBMCs were counted via cell counter and each PBMC was
treated as 200 1L to calculate intracellular drug concentra-
tion.
3. Plasma/PBMC Sample Treatment

20 uL of internal standard solution (400 ng/ml. SN-38
solution), 5.04, methanol-water (50:50, v/v), and 200 ulL
acetonitrile were added to 100 uLL plasma sample or PBMC
sample, respectively. The mixture was mixed by vortex for
1 min and centrifuged for 5 min (14000 rpm). 20 pL
supernatant and 180 ul mobile phase were mixed by vortex
for 1 min, and 10 uL of the above mixture was injected into
LC/MS/MS for analysis.

The results of the metabolic stability 1n fresh human
whole blood and the distribution test in PBMCs of tenofovir
prodrug are shown 1n Table 3.

TABLE 3

The results of the metabolic stability in fresh human whole blood

and the distribution test in PBMCs cells of tenofovir prodrug
(S-7340 Ial
Incuba- Prototype = PAMA*  Prototype PAMAF
tion concentra- concentra- concentra- concentra-
duration Analyte tion (uM) tion (uM) tion (uM) tion (uM)
O hour Initial 16.9 0 12.4 0
concentration
1 hour In Plasma 14.5 0.71 12.3 0
In PBMCs 2448 199 1528 320
2 hour In Plasma 13.0 1.37 12.2 0
In PBMCs 2357 207 1282 546

*PAMA 1s the active metabolite-tenofovir of prodrug

4. Conclusion

As can be seen from Table 3, certain active metabolite-
tenofovir was detected in plasma for the positive control
(S-7340 after incubation with fresh human whole blood,
and the active metabolite-tenofovir released in plasma
increased significantly over the incubation time. However,
no active metabolite-tenofovir was detected 1n plasma for
the compound Ial of the present invention after incubation
with fresh human whole blood, and the active metabolite-
tenofovir was not always detected over the incubation time,
which 1illustrates that the stability of compound Ial in
plasma was significantly better than the positive control
(S-7340. Therefore, compound Ial of the present invention
has significant advantages in reducing toxic side eflects
resulting from tenofovir in plasma compared with the posi-
tive control GS-7340.

It also can be seen from Table 3 that the concentration of
the active metabolite-tenofovir 1n peripheral blood mono-
nuclear cells (PBMCs) for compound Ial of the present
invention increased significantly over the incubation time,
while the concentration of the active metabolite-tenofovir in
peripheral blood mononuclear cells (PBMCs) for compound
(GS-7340 was almost the same. The concentration of active
metabolite-tenofovir in PBMCs for compound Ial was about
three times of that for the positive control of GS5-7340 after
incubation for 2 hours. Thus, compound Ial of the present
invention has significant advantages 1n terms of therapeutic
ellect compared with the positive control GS-7340.

Example 14: Ant1-AIDS (HIV) Virus Test

1. Objective: To evaluate anti-HIV activity and cytotoxicity,
and EC50 and CC30 value of three compounds.
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2. Materials and Method

2.1 Materials

Compound: Compound Ial, GS-7340, and tenofovir diso-
proxil 5

RPMI medium (Invitrogen 21969-035)
DMEM medium (Invitrogen 21969-035)

Glutamic acid 200 mM (Invitrogen 25030)
Fetal bovine serum ((Invitrogen 16000-044)
Penicillin/streptomycin ((Invitrogen 15140-122)
DPBS bufler (Invitrogen 14190-094)
Trypsin-EDTA (Invitrogen 25200)

Trypan blue Sigma 18154

DMSO Sigma D2650

MUG Biochemika 69590

2.2 Test Method

1) MT-2 cells were infected with HIV-1 (IlIb) to form
multiplicity of infection (MOI) 0.01 TCID., per cell.

2) The mixture of virus and cells was incubated 1n a 384-well
plate for 3 days.

10

15

20

3) Cells for the cytotoxic detection were incubated m a 25

384-well plate for 3 days.

4) The supernatant was transierred to a new plate and
incubated with reporter cells (Hela) for 24 hours.

5) Detecting beta-GAL activity to evaluate anti-HIV activ-
ity.

6) Luminescent signal of the cells free of virus was detected
to evaluate cytotoxicity after incubation for 3 days.

30

7) The antiviral activity and cytotoxicity were calculated

according to the following equation: 335

Antiviral activity (%)=100-(Detection value-Maxi-

IMum value)/(Minimum value—Maximum
value)*100

40

Cytotoxicity (%)=100-(Detection value-Maximum
value)/(Minimum value-Maximum value)*100

8) EC,, and CC,, were calculated with Fit Curve of Graph-

pad Prism 5 (the results are shown 1n Table 4). 45

TABLE 4

The results of anti-HIV activity and cvtotoxicity

50

Compounds EC55(nM) Toxicity CCso(mM)

Positive control (GS-7340) 12

Positive control (Tenofovir Disoproxil) 11
Ial (chiral) 8

>150
16.9
>150

55
3. Conclusion

The above results show that compound Ial has a strong
inhibitory effect on HIV virus with no cytotoxicity.

The present invention has been described and illustrated
by specific embodiments. Certain modifications and equiva-
lent vanations are apparent for those skilled in this art and
are 1included within the scope of the present imnvention.

60

The invention claimed 1is: 65

1. A chiral compound of formula (I) or a stereoisomer,
pharmaceutically acceptable salt, hydrate, or solvate thereof:

24
(1)
NH,
= N
N
R
\N N O O R! RZ
\\P/
OINC N N
é H
= O
wherein:

R' and R* are each methyl, or R' and R* together with the
attached carbon atom form a C; cycloalkyl;

R® is hydrogen, C,_. alkyl, substituted or unsubstituted
Ce 10 aryl, or 6- to 10-membered heteroaryl; and

Ar 1s substituted or unsubstituted C,._,, aryl, or 6- to
10-membered heteroaryl.

2. The chiral compound of formula (I) according to claim
1, or the stereoisomer, pharmaceutically acceptable salt,
hydrate, or solvate thereof, wherein the stereoisomer 1s
selected from the group consisting of a tautomer, cis-trans
1somer, conformational 1somer, mesomer, an enantiomeric
optical 1somer, and a diasterecomeric optical 1somer.

3. The chiral compound of formula (I) according to claim
1, or the pharmaceutically acceptable salt thereof, wherein
the compound 1s:

Ial

NH,
N = ‘ N\>
NP
O O
) O \\P'; O
NG Ny \l/
H
= O
Ib1
NH,
NL/ ‘ N\> <\ />
NN ) \O
0 \\P; 0
. ~ \N Y
H
= O
Icl
Cl
NH, \

O\/P\N OY
H
O
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-continued
Id1
/
NH, \_
N
oy Y
NN ) \O
\ &
| OVP\N/k[(O\'/
= O
lel
/ \
NH,
)\ N
P
\N N o b
N\ S
. O\/P\NJ<H/ O\r
= 0
Tf]
NH, -
N\ /
N
I‘E ‘ \> \ 7/
\N N 0\\ ;0
| O\/P\N o\|/
= 0
Igl
NH, N
N
NC ‘ \> <\ />
\N N 0O \o
N\
| O\/P\N o\l/
= O
Thi
NH,
N
\N St 0.
N\ S
| O\/P\N OY
= 0
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-continued
Ii11

NH, \
5 )\ —
Z N
o0 Y
Ny N 0\ e
10 o ¥ 0
= O
Til
15 F3C
NH, \
s N
O Y
20 \N N O\\\:_O
0 P, 0
= O or
25 Tk1
FtO,C
NH, \
/l\ _~N
30 }L ‘ \> \ /
Sy TN O\\ e
0 P, 0 -
35 H
= O
4. A chiral compound of formula (Ial) or a pharmaceu-
X0 tically acceptable salt thereof:
lal
NH,
45

5. A pharmaceutical composition comprising the chiral
compound of formula (I) or the stereoisomer, pharmaceuti-
cally acceptable salt, hydrate, or solvate thereof according to
claiam 1 and a pharmaceutically acceptable carrier.

6. The pharmaceutical composition according to claim 5,
wherein the pharmaceutically acceptable carrier 1s selected
from the group consisting of water for injection, lyophilized
powder excipient, and oral preparation excipient.

7. A pharmaceutical composition comprising the chiral
compound of formula (Ial) or the pharmaceutically accept-
able salt thereof according to claim 4 and a pharmaceutically
65 acceptable carrier.

8. The pharmaceutical composition according to claim 7,
wherein the pharmaceutically acceptable carrier 1s selected

55

60
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from the group consisting of water for injection, lyophilized
powder excipient, and oral preparation excipient.

9. A pharmaceutical composition comprising the chiral
compound of formula (I) or the pharmaceutically acceptable
salt thereol according to claim 3 and a pharmaceutically
acceptable carrier.

10. A method of treating a viral infection 1n a subject 1n
need thereol, the method comprising administering to the
subject the pharmaceutical composition according to claim
5.

11. The method according to claim 10, wherein the viral
infection 1s selected from the group consisting of HIV
infection, hepatitis B, and diseases caused by hepatitis B
VIrus.

12. A method of treating a viral infection 1n a subject 1n
need thereof, the method comprising administering to the

subject the pharmaceutical composition according to claim
7.

10

15

28

13. The method according to claim 12, wherein the viral
infection 1s selected from the group consisting of HIV

infection, hepatitis B, and diseases caused by hepatitis B
VIrus.

14. A method of treating a viral infection 1n a subject in
need thereof, the method comprising administering to the

subject the pharmaceutical composition according to claim
9.

15. The method according to claim 14, wherein the viral
infection 1s selected from the group consisting of HIV
infection, hepatitis B, and diseases caused by hepatitis B
VIrus.

16. The chiral compound according to claim 1, or the
stereo1somer, pharmaceutically acceptable salt, hydrate, or
solvate thereof, wherein R' and R* are each methyl.

¥ K H oK ¥
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